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Objective: This study explored the association between metabolic factors and body composition during the first trimester of 
gestational diabetes mellitus (GDM).
Methods: This prospective study recruited pregnant women in their first trimester. Clinical information and glucose and lipid 
measurements were collected, and body composition was assessed using multifrequency bioelectrical impedance analysis. GDM 
was diagnosed on the basis of an oral glucose tolerance test at 24–28 gestational week. Factors related to GDM were investigated using 
correlation, and risk ratios (RRs) and 95% CIs of potential risk factors with GDM were estimated using Poisson regression. The area 
under the receiver operating characteristic (ROC) curve was used to determine predictive effects.
Results: 59/302 women (19.5%) developed GDM. Older (RR 1.076, 95% CI 1.005–1.152), higher body mass index (BMI) before 
pregnancy (pre-BMI) (RR 1.012, 95% CI 1.005–1.063), triglycerides (RR 4.052, 95% CI 1.641–6.741), and lower skeletal muscle mass 
(SMM) to fat mass (FM) ratio (SMM/FM) (RR 0.213, 95% CI 0.051–0890) in the first trimester, and family history of type 2 diabetes 
(RR 1.496, 95% CI 1.014–2.667) significantly associated with the risk of GDM, but neither fasting plasma glucose nor glycated albumin 
was associated with GDM. The combined multivariate prediction model achieved good discrimination with an AUC of 0.806 (95% CI 
0.737–0.895, P<0.001). According to ROC curve, the cut-off values of TG and SMM/FM were 0.925 mmol/L and 1.305.
Conclusion: Reduced SMM/FM and elevated triglyceride (TG) levels in the first trimester are associated with GDM development, 
and should be screened in early pregnancy to identify high-risk subjects for GDM.
Keywords: Gestational diabetes mellitus, ratio of muscle to fat, maternal triglyceride

Introduction
Gestational diabetes mellitus (GDM) is characterized by glucose intolerance during pregnancy.1 The prevalence of GDM 
is 5.8–25.5% worldwide.2 The reasons for such increase include delayed pregnant age, obesity, and family history of type 
2 diabetes mellitus (T2DM).2,3 GDM contributes to many perinatal complications and increases the risk of future 
maternal and infant metabolic diseases in the future.3

GDM is usually detected using the oral glucose tolerance test (OGTT) and diagnosed during 24–28 weeks of 
pregnancy, leaving a limited time for intervention. Thus, it is important to identify the risk of GDM by using a simple 
and practical method during the first trimester in clinical practice. Several studies have investigated GDM prediction 
models.4–6 However, few studies have considered the clinical indicators, glucose and lipid metabolism, and body 
composition into consideration together.

Obesity before pregnancy is a risk factor for the development of GDM. Although body mass index (BMI) is widely 
used, it does not distinguish fat mass (FM) or skeletal muscle mass (SMM). Maternal obesity and visceral adipose tissue 
(VAT) are associated with insulin resistance and metabolic disorders7 and are good predictors of GDM risk.8,9 However, 
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some pregnant women are lean, and inadequate muscle mass might be the reason because muscles participate in glucose 
metabolism and are associated with insulin resistance.10 Therefore, identifying and qualifying body composition in early 
pregnancy is important for predicting GDM.

Glucose and lipid metabolism are associated with GDM.11,12 Glycated albumin (GA) is the product of non-enzymatic 
glycosylation of plasma albumin and reflects the blood glucose level in the preceding 2–3 weeks,13 which is more 
sensitive to glucose monitoring than HbA1c.14 Thus, it is widely used to monitor glucose control during pregnancy, but 
the predictive ability of GA in the first trimester for GDM has not been fully studied. Maternal lipid metabolism increases 
with gestational age physiologically, but excessive TG level contributes to subsequent GDM development.11,15

Abnormal body composition, glucose, and lipid metabolism contributed by undesirable dietary habits and sedentary 
lifestyles could be intervened; therefore, it is important to identify the risk factors for GDM. In this study, we investigated 
the relationship between glucose and lipid metabolism, body composition measured using mBIA during early pregnancy, 
and the development of GDM.

Materials and Methods
Study Population
This was a prospective, observational study; 20–45 years old singleton pregnant women who visited the Obstetrics 
Department of Peking Union Medical College Hospital for routine appointments were invited to participate in the study if 
they were between 6 and 12 weeks of gestation. Women were excluded if they had pre-existing diabetes and other 
endocrine diseases (eg, asthma, abnormal thyroid function, Cushing’s syndrome, PCOS), corticosteroid adoption, severe 
internal and external diseases (eg, hypertension, cardiovascular diseases, hematological diseases, renal diseases, and liver 
function abnormality), or severe operation history in the recent half-year. All pregnant women were followed-up until 
they completed a 75-g OGTT at 24–28 weeks of gestation. Subjects who could not complete the blood test, body 
composition test, or follow-up were excluded from the study. This study was approved by the Ethics Committee of 
Peking Union Medical College Hospital (No. ZS-1703), and the study complies with the Declaration of Helsinki. All 
participants provided written informed consent before participation. This study was registered at ClinicalTrials.gov 
(http://www.clinicaltrials.gov) (NCT 04550806).

The sample size was calculated using the Power Analysis and Sample Size (PASS) 11.0 software with Tests for Two 
Proportions, where α= 5%, power=80%, RR=2.04,9 and dropping rate=10%. In total, 295 participants were included in 
this study.

Data Collection
Data on age, pregnancy weeks, family history of T2DM, medical history, and GDM history were collected from medical 
records, and weight before pregnancy was self-reported. At the first prenatal visit, weight and body composition were 
measured using multi-frequency bioelectrical impedance analysis (mBIA, Inbody 770, Inbody, Seoul, Korea). All 
participants were instructed to be in a fasting state (consumption of water was allowed until 2-hour before testing) 
and abstain from strenuous exercise for 48 hours prior to measurement. They removed jewellery and heavy clothing, and 
stood on the mBIA machine with bare feet. Fasting blood samplings, including fasting plasma glucose (FPG), GA, low- 
density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein choles-
terol (LDL-C), total cholesterol (TC), and triglyceride (TG) levels, were collected in the morning and measured by the 
clinical lab of our hospital within 1 hour of blood collection. The plasma lipids and GA levels were detected by using the 
commercial enzymatic assays (Sekisui, Japan; Asahi Kasei Pharma Corporation, Japan), and glucose levels were detected 
by applying an automated analyzer (Beckman Coulter, US). Blood specimens were retained for seven days for necessary 
repeat if the result was irregular. GDM was diagnosed via 75-g OGTT test using the 2010 International Association of 
Diabetes and Pregnancy Study Groups (IADPSG) criteria when one or more of the following conditions were at or above 
the thresholds: FPG 5.1 mmol/L, 1-h plasma glucose 10.0 mmol/L, and 2-h plasma glucose 8.5 mmol/L.1 All data were 
collected, recorded, and organized by two researchers to avoid mistakes.
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All participants were provided with healthy lifestyle advice by a qualified dietitian to fulfill the pregnancy requirement of 
appropriate energy (25–35 kcal/kg/day depending on their pre-BMI), high-quality protein, nutrients, and to avoid unhealthy 
food.16 Nutritional counseling was conducted after screening at admission; therefore, the grouping remained unknown.

Statistical Analysis
Normality tests were performed to determine whether the data were parametric or not. Normally distributed measurement 
data are presented as mean ± standard deviation (SD), and the differences between the GDM and non-GDM groups were 
examined using Student’s t-test. Non-normally distributed data are presented as median and interquartile range (IQR), 
and the difference between the two groups was examined using the Mann–Whitney test. Categorical variables were 
compared using the chi-square test (χ2).

Spearman’s rank correlation analysis was used for investigating the relationships between GDM and clinical 
data. Factors found to be statistically significant according to univariable Poisson regression (P≤0.10) or con-
sidered clinically important based on previous studies were included into multivariate Poisson regression analysis. 
The strength of the association between variables and GDM was expressed as relative risk (RR) with correspond-
ing 95% confidence intervals (95% CI). The performance of the final optimized prediction model was evaluated 
using receiver operating characteristic (ROC) curves to estimate the area under the curve (AUC) and 95% CI. The 
cut-off value of relative variables was calculated based on ROC. All analyses were performed using SPSS (version 
18.0; SPSS Inc., Chicago, IL, USA). A two-sided P<0.05 was considered statistically significant.

Results
Subjects
From October 2020 to January 2022, 323 pregnant women were included, but 17 lacked data and were excluded from the 
analysis; two pregnant women had fetal arrest, and two were lost to follow-up. The recruitment for this study was based on 
the STROBE guidelines,17 and 302 participants were included in the final analysis. The median (IQR) duration of follow-up 
of participants was 117.3 (IQR 99.5–139.1) days. Fifty-nine women (19.5%) developed GDM and were included in the 
observational group, while patients with normal glucose tolerance (NGT) were included in the control group (Figure 1).

Figure 1 Flowchart showing recruitment in the study according to STROBE guideline.17
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Demographic Characteristics
The characteristics of all participants according to the GDM diagnosis are shown in Table 1. Women with GDM were 
older (P=0.008) and had higher pre-BMI (P=0.006) and TG (P=0.017) than the NGT group, while TC (P=0.066), LDL-C 
(P=0.310), and HDL-C (P=0.426) levels did not differ between the two groups. There was no significant difference in 
GA (P=0.287) or FPG (P=0.058) during the early gestational weeks either. Subjects with or without GDM, in terms of 
weight gain (WG) or percentage of WG within the previous month, were similar. The percentage of positive history of 
GDM and a family history of T2DM was higher in the GDM group than in the NGT group (P<0.05). However, the 
percentage of in vitro fertilization (IVF) pregnancy or macrosomia delivery history did not differ between the two groups. 
The 0, 1-hour, and 2-hour glucose levels were significantly higher in subjects with GDM than in those with NGT in the 
OGTT (P<0.001).

With respect to body composition, FM, body fat ratio (BFR), phase angle (PA), and visceral fat area (VFA) at 
early gestational weeks were significantly higher in the GDM group (P=0.003, 0.030, 0.003, and 0.005, respectively). 
Although SMM was not significantly different, SMI and SMM/FM were lower in the GDM group (P=0.046, P<0.001) 
(Table 1).

Risk Factors Associated with the Development of GDM
Correlation analysis showed a significant correlation between GDM and age, pre-BMI, TG, FM, BFR, VFA, SMM, SMI, 
SMM/FM, PA, and a family history of T2DM (Table 2). Adjusted for covariates, such as age, pre-BMI, family history of 

Table 1 Characteristics of GDM and Non-GDM Group

NGT (n=243) GDM (n=59) T P value

Age (year) 32.21±3.44 33.65±3.87 −0.263 0.008
Pre-BMI (kg/m2) 20.96±2.88 22.17±3.12 −0.274 0.006

WG within 1 month* 0.00 (−0.98, 1.13) 0.50 (−1.21, 1.06) −1.137 0.257

Percentage of WG within 1 month* (%) 0.00 (−0.02, 0.02) 0.01 (−0.02, 0.02) −0.941 0.347
IVF pregnancy (%)# 9.75 10.56 3.340 0.068

Family history of T2DM (%)# 15.63 30.00 7.310 0.003

GDM history (%)# 1.25 4.92 5.605 0.018
Macrosomia delivery history (%)# 1.60 1.69 0.585 0.444

LDL-C (mmol/L) 2.12±0.55 2.22±0.60 −1.019 0.310

HDL-C (mmol/L) 0.92±0.13 1.02±0.21 −1.243 0.426
TC (mmol/L) 4.17±0.61 4.38±0.68 −1.847 0.066

TG (mmol/L) 0.86±0.40 1.18±0.68 −2.477 0.017

FPG (mmol/L) 4.78±0.36 4.89±0.41 −1.905 0.058
GA (%) 13.64±1.51 13.42±1.18 1.067 0.287

FM (kg) 17.08±5.53 19.44±5.56 −2.852 0.003

BFR (%) 29.84±7.24 32.07±5.55 −2.186 0.030
VFA (cm2) 78.15±30.04 91.02±32.36 −2.816 0.005

SMM (kg) 21.11±2.64 21.54±3.04 −1.046 0.297

SMI (kg/m2)* 8.12 (6.61, 9.63) 7.77 (6.76, 8.81) −1.775 0.046
SMM/FM 1.37±0.43 1.14±0.25 4.817 <0.001

Percentage of extracellular water (%) 0.38±1.51 0.38±0.01 1.134 0.059

PA (mg/L) 4.76±0.50 4.99±0.55 −2.959 0.003
OGTT 0h (mmol/L) 4.37±0.44 4.75±0.48 −5.561 <0.001

OGTT 1h (mmol/L) 7.30±1.32 9.65±1.44 −11.587 <0.001

OGTT 2h (mmol/L) 6.20±1.13 9.04±1.34 −15.872 <0.001

Notes: Normally distributed data are presented by mean± SD. *Non-normally distributed data are presented by median and IQR. #Chi- 
square value was used to compare the category data. 
Abbreviations: BFR, body fat ratio; FM, fat mass; GA, glycated albumin; FPG, fasting plasma glucose; GDM, gestational diabetes mellitus; IVF, 
in Vitro fertilization; LDL, C, low, density lipoprotein cholesterol; PA, phase angle; pre, BMI, body mass index before pregnancy; SMI, Skeletal 
muscle index; SMM, Skeletal muscle mass; TC, total cholesterol; TG, triglycerides; VFA, visceral fat area; WG, weight gain.
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T2DM, and GDM history, there was a positive correlation between GDM diagnosis and TG and BFR, and a negative 
correlation between GDM and SMI and SMM/FM. Moreover, neither GA nor FPG levels in early pregnancy correlated 
with GDM diagnosis. According to ROC curve, AUC of SMM/FM was 0.629 (0.547, 0.712), and the cut-off values of 
SMM/FM was 1.305. Therefore, we compared the incidence of GDM in the groups with SMM/FM <1.305 and ≥1.305, 
and found a percentage of 34.4% and 15.7%, respectively.

The associations between age, pre-BMI, FPG, TG, BFR, VFA, SMI, SMM/FM, GDM history, IVF pregnancy, and 
family history of T2DM and GDM diagnosis were significant (all P<0.05) according to Poisson regression analysis, and 
all of these significant variables were entered into the multivariable model (see Table 3). In multivariable Poisson 
regression model, for each unit increase in age and pre-BMI, there was 7.6% (95% CI 1.005–1.152) and 1.2% (95% CI 
1.005–1.063) increase in the risk of GDM. Simultaneously, the RRs for TG and family history of T2DM were 4.052 
(95% CI 1.641–6.741) and 1.496 (95% CI 1.014–2.667). SMM/FM was a protective factor for GDM (RR 0.213 (95% CI 
0.051–0.890)). In contrast, RRs for VFA, SMI, IVF pregnancy and GDM history were null in multi-factor regression 
analysis. Although GDM history was not significant in this study, it was regarded as a strong clinical indicator of GDM 
development; thus, it was included in the regression model (Table 3). According to ROC curve, the cut-off values of TG 
were 110.95cm2.

The predictive model was statistically significant (χ2 = 37.743, P<0.001), explained 33.2% (R2) of the variance in 
GDM, and correctly classified 83.4% of the cases. The performance (AUC) of the prediction model was 0.806 (95% CI 
0.737–0.895, P<0.001), with 77.8% sensitivity and 67.8% specificity. The predictive ability of the variables to classify 
between the GDM and NGT groups was better than that of the conventional risk model with an AUC of 0.673 (95% CI 
0.576, 0.770), which included age, pre-BMI, GDM history, family history of T2DM, and macrosomia delivery history 
(Figure 2). Sensitivity and specificity terms for individual predictive variables. ROC curves were generated for age, pre- 
BMI, VFA, SMM/FM, and TG; however, any individual variable showed poor discrimination (Table 4).

Table 2 Pearson’s Correlation Analysis Associated with GDM Diagnosis

Variables r P value r^ P value^

Age 0.232 0.030 – –
Pre-BMI 0.300 0.005 – –

WG within 1 month 0.116 0.281 0.131 0.349

Percentage of WG within 1 month 0.035 0.743 0.004 0.975
LDL-C 0.140 0.281 0.050 0.721

HDL-C 0.072 0.425 0.040 0.817

TC 0.143 0.267 0.158 0.257
TG 0.313 0.014 0.376 0.012

FPG 0.087 0.472 0.150 0.312
GA −0.166 0.124 0.018 0.797

FM 0.250 0.019 0.157 0.055

BFR 0.164 0.126 0.189 0.047
VFA 0.242 0.044 0.123 0.134

SMM 0.287 0.041 0.069 0.529

SMI 0.319 0.006 −0.253 0.024
SMM/FM 0.362 0.001 −0.397 <0.001

Extracellular water 0.176 0.100 −0.010 0.879

PA 0.310 0.003 0.130 0.237
GDM history 0.113 0.294 – –

IVF 0.131 0.224 0.043 0.695

Family history of T2DM 0.227 0.003 – –

Note: ^Adjusted for age, pre-BMI, family history of T2DM, and GDM history. 
Abbreviations: BFR, body fat ratio; FM, fat mass; FPG, fasting plasma glucose; GA, glycated albumin; GDM, 
gestational diabetes mellitus; IVF, in Vitro fertilization; LDL, C-low-density lipoprotein cholesterol; TC, total 
cholesterol; TG, triglycerides; SMM, skeletal muscle mass; SMI, skeletal muscle index; PA, phase angle; pre- 
BMI, body mass index before pregnancy; VFA, visceral fat area; WG, weight gain.
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Influencing Factors of GA
Because the negative results of GA for GDM prediction were rather unexpected, we analysed some of the influencing 
factors of GA. The univariate correlation analysis showed a negative correlation between the pre-BMI, lipids, FM, FR, 
VFA, SMM, SMI, PA with GA (all P≤0.01). After adjustment for age and pre-BMI, the negative correlation between TC, 
VFA, SMI, PA and GA remained (P<0.05) (Supplementary Table 1).

Table 3 Poisson Regression Analysis

Single-Factor Model Multiple-Factor Model

Variables RRs (95% CI) P-value RRs (95% CI) P-value

Age 1.080 (1.022–1.141) <0.0001 1.076 (1.005–1.152) 0.036

Pre-BMI 1.099 (1.039–1.163) 0.001 1.012 (1.005–1.063) 0.044
FPG 1.638 (0.918–2.923) 0.095

GA 0.857 (0.710–1.035) 0.109

TG 1.724 (1.342–2.214) <0.0001 4.052 (1.641–6.741) 0.025
TC 1.564 (1.082–2.261) 0.017

HDL-C 0.613 (0.729–1.213) 0.412

LDL-C 1.361 (0.819–2.263) 0.234
BFR 1.025 (0.999–1.052) 0.062

VFA 1.010 (1.003–1.016) 0.032

SMM 1.050 (0.976–1.130) 0.193
SMI 1.246 (1.045–1.486) 0.014

SMM/FM 0.406 (0.208–0.794) 0.008 0.213 (0.051–0.890) 0.034

GDM History 2.685 (1.248–5.776) <0.0001 1.486 (0.891–4.422) 0.093
IVF pregnancy 1.647 (1.001–2.708) 0.049

Family history of T2DM 1.764 (1.136–2.740) 0.012 1.496 (1.014–2.667) 0.045

Abbreviations: BFR, body fat ratio; FPG, fasting plasma glucose; GA, glycated albumin; GDM, gestational diabetes mellitus; IVF, in 
Vitro fertilization; LDL, C-low-density lipoprotein cholesterol; pre-BMI, body mass index before pregnancy; SMI, skeletal muscle 
index; SMM, skeletal muscle mass; TC, total cholesterol; TG, triglycerides; VFA, visceral fat area.

Figure 2 ROC curves for the accuracy of the GDM prediction model.
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Discussion
This study reported a high incidence of GDM and explored the predictive effects of glucose and lipid parameters, and 
body composition measurements for GDM. Lower SMM/FM and higher TG levels were risk factors for GDM; however, 
FPG or GA in early gestation was not associated with GDM development.

First, the incidence of GDM was found 19.5%, which was comparable to a previous report and should be awaited 
because Chinese individuals are at a high risk for GDM.18 We confirmed that conventional risk factors were associated 
with GDM development, consistent with previous studies5 and clinical practice observations. However, owing to the 
limited number of events, IVF pregnancy or macrosomia delivery history was not found to be significantly related to 
GDM in this study.

Second, body composition is associated with the risk of developing GDM. Several studies have shown that FM, VFA, 
subcutaneous adipose tissue thickness, and body fat index are good markers of GDM development.4,9 Here, we found 
that higher FM and VFA levels correlated with GDM after adjusting for pre-BMI and age. Moreover, adipose tissue, 
especially VFA, is associated with inflammation and insulin resistance,7 making people more likely to develop abnormal 
glucose metabolism. However, in the Poisson regression analysis, VFA in early pregnancy was no longer a risk factor for 
GDM development in this study. Skeletal muscle is responsible for the greatest insulin-stimulated glucose disposal in the 
body10 and is associated with the risk of diabetes.19 In addition, skeletal muscle regulates systemic insulin sensitivity 
through the secretion of myokines, such as musclin, IL-6, and TNFα.19,20 There are several measurements of muscles in 
practice, including absolute SMM, SMI, and the percentage of SMM. In our study, lower SMI than SMM was a risk 
factor for GDM development. Notably, adipose tissue and skeletal muscle have opposite roles in insulin sensitivity,19 and 
there is a positive correlation between FM and SMM (r=0.628, P=0.014, results not shown); therefore, we further 
analyzed the ratio of SMM to FM and confirmed the negative relationship between GDM and SMM/FM, which was also 
positively associated with insulin sensitivity.10 Fasting insulin levels were found to be significantly higher in GDM 
subjects than in NGT ones.21 Therefore, SMM/FM is useful in predicting GDM and may be a target for nutritional 
interventions. The cut-off value of SMM/FM from this study was 1.305, thus we will verify the validity of this cut-off 
value in larger sample sizes and more centers in further study. Although body composition measurement via mBIA in 
pregnant women is not a part of routine clinical practice, we can still do the manual measurements for muscle and fat 
mass, such as calf circumference, mid-upper arm circumference, waist circumference, etc.

Third, we identified an association between TG levels and GDM development, even after adjusting for age and pre- 
BMI. Although we further adjusted for BFR and VFA, TG levels remained associated with GDM development (r=0.212, 
P=0.009). Several studies suggested TG could be a risk factor for GDM.11,15 In this study, the cut-off value was 0.925 
mmol/L, which is lower than the reference range for healthy adult, indicating it may be necessary to set lower standards 
for maternal lipids in early pregnancy to avoid possible insulin resistance and GDM. These findings, including higher 
adiposity and lipid levels, presumably reflect the potential pathophysiological pathways of GDM, which include the onset 
of insulin resistance, chronic inflammation, and adipocytokines,11,22 but maternal lipids are not yet recognized as risk 
factors, nor are they currently targeted for intervention in early gestation.

Table 4 AUC for Variables Computed with ROC Analysis for 
GDM

Predictive Variables AUC 95% CI P value

Pre-BMI 0.609 0.500–0.751 0.039

VFA 0.630 0.525–0.745 0.042

SMI 0.632 0.521–0.764 0.035
SMM/FM 0.602 0.502–0.705 0.051

TG 0.676 0.576–0.787 0.027

Abbreviations: Pre-BMI, body mass index before pregnancy; SMI, skeletal 
muscle index; SMM/FM, skeletal muscle mass/fat mass; TG, triglycerides; VFA, 
visceral fat area.
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Muscle mass has a positive effect on insulin sensitivity, but such a protective association seems to work among lean 
subjects but not in subjects with excessive fat.19 Cross-talk between muscle and fat via inflammatory factors and insulin 
resistance has been observed,23 reflecting the importance of intervention for both muscle and fat, as well as glucose and 
lipid metabolism. As an important organ for energy consumption, low SMM results in low energy expenditure; thus, fat 
accumulates from excessive energy. In addition to regulating glucose metabolism, the skeletal muscle influences fatty 
acid uptake and oxidation via peroxisome proliferator-activated receptor (PPAR)-α, PPARγ coactivator 1α, glucose 
transporter 4 (GLUT4), and cyclic adenosine monophosphate (cAMP) response element-binding protein.24 Thus, 
metabolic alterations in skeletal muscle strongly affect glucose and lipid homeostasis. Moreover, the increase in VAT 
and insulin resistance results in a higher release of free fatty acids (FFA) into circulation, resulting in higher synthesis of 
TG, toxicity in the muscle, and insulin resistance,23 resulting in a reduced capacity for glucose and lipid metabolism 
(Figure 3). In this study, when we conducted the ROC of individual risk factors of GDM, the AUCs were lower than 0.7, 
whereas when we combined the factors, the prediction power improved, which was higher than the AUC of body 
composition alone in a Chinese population (0.672).9 Although some previous studies may have obtained higher AUCs for 
GDM prediction, manual body composition measurements conducted in some studies are time-consuming,4 and some 
biomarkers are not routinely tested in clinics.5,6

Although GA and FPG were widely adopted in clinics for glucose assessment, GA or FPG in early pregnancy was not 
a good indicator for GDM in our study and previous studies.25,26 It might be due to the physiological fluctuation of 
maternal glycemia in the first trimester.27 Furthermore, GA was found to be associated with BMI, BFM, VFA, and SMM, 
so body composition and chronic inflammation status might be another influencing factors.

This study is the first to report the role of SMM/FM in predicting GDM and to emphasize the importance of skeletal 
muscle and fat in GDM development. The current predictors for GDM provide important pathophysiological insights into 
GDM and potential treatment targets for nonglycemic intervention, and also arouse the attention of obstetricians and 
dietitians to consider glucose and lipid metabolism, weight, muscle, and fat change simultaneously. In addition, the 
required sample size was calculated in advance, and the blinding process between mBIA measurement, blood tests, and 
OGTT was performed, making the study reliable.

Figure 3 Relationships between adipose tissue, skeletal muscle, blood glucose and TG. This figure summarizes the relevance of inadequate muscle to increased blood 
glucose and FFA, and insulin resistance via inflammation and cytokines; and the relevance of excessive of adipose tissue to the increased TG and insulin resistance via 
inflammatory pathways. High level of FFA can cause hypertriglyceride, insulin resistance, and toxicity to muscle directly. Poor glucose control will lead to muscle loss.
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The study was performed at a single center and was limited to a single ethnicity; thus, the results may not be 
generalizable to other populations. Owing to the limitations of mBIA, body composition may not be accurate; however, it 
is safer and more convenient than CT or DEXA for pregnancies and is widely used in clinics. The study design did not 
include follow-up in the second trimester of pregnancy; if this was done, we could evaluate the role of the change in 
variables in GDM development. Moreover, although we found a high risk of inadequate muscle for GDM development 
and hypothesized the potential role of insulin resistance, fasting insulin and homeostatic model assessment (HOMA) 
were not evaluated, which could be done in future studies.

Conclusions
SMM/FM, VFA, and TG levels are risk factors for GDM development, emphasizing the importance of improving body 
composition and lipid metabolism in early pregnancy, and could be used as important indicators of nutritional interven-
tion for pregnant women with GDM risk.
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